Phosphorylation of TSC2 by PKC-δ reveals a novel signaling pathway that couples protein synthesis to mTORC1 activity.
Downstream of insulin-like growth factor receptor, the TSC1/2/ TCB1D7 (tuberous sclerosis complex) and mTOR (mechanistic target of rapamycin) pathways are implicated in many human diseases, including cancer and diabetes. Targeting this pathway is currently an important approach for palliating or eradicating cancer. Downstream of mTOR, translational machinery targeting holds great promise for anticancer drug development. Therefore, we investigated whether the protein synthesis machinery that is regulated by mTORC1 (mTOR complex 1) signaling can in turn regulate mTORC1 activity. We found that inhibition of protein synthesis results in rapid activation of mTORC1 signaling, thereby uncovering a feedback loop between mTOR and the translation machinery. This mTORC1 activation requires tuberous sclerosis complex (TSC) but is independent of AKT. In addition, by using a PKC-δ (protein kinase c delta)-specific inhibitor and PKC-δ siRNA knockdown, we found that PKC-δ kinase activity is required for mTORC1 activation in response to translation inhibitors. Furthermore, translation inhibition activates PKC-δ. Subsequently, we investigated whether PKC-δ can phosphorylate and inactivate TSC1/2, leading to mTORC1 activation. In vitro kinase assays showed direct phosphorylation of TSC2 (S932 and S939) by PKC-δ, which was confirmed by mass spectrometry. In vivo kinase analysis further indicated that both S932 and S939 are phosphorylated in response to translation inhibitors. Finally, phosphorylation defective TSC2 mutants (S932A and S939A single mutants and a S932A/S939A double mutant) failed to upregulate mTORC1 activity in the presence of translation inhibitors, suggesting that activation of mTORC1 by translation inhibitors is mediated by PKC-δ phosphorylation of TSC2 at S932/S939, which inactivates TSC.